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Asphaltenes a r e  considered t o  be t h e  p r i n c i p l e  i n t e r m e d i a t e s  i n  t h e  
conversion of c o a l  t o  2n o i l  products .  : i e l l e r  /1 /  s t a t e d  That t h e  
c a t a l y t i c  conversion o f  coa l  involves  two consecut ive  first o r d e r  
r e a c t i o n s :  

A t  400°C k 
k, as 10 t L e s  h i g h e r  then k2. 
Liebenberg and l Jo tg l e t e r  /2/ der ived  another  mechanism which i n c l u -  
des  the  fo l lowing  r e a c t i o n s :  

1 /  k2 Coal ---- kl, Aspheltenes ---0 Oil 
was r e p o r t e d  a s  27 t imes h i g h e r  than  k2 and a t  44OoC 

k kl  Coal ---+ i s p h a l t e n e s  ---+ O i l  
k 

k 
Coal ---2, hsphel tenes  2/  

c o a l  --A o i l  3 /  

He t e n t a t i v e l y  determined t h e  sum k +k a t  4OO0C and 44OoC i n  t h e  
conversion of coa l  w i t h  t e t r a l i n  ana n$ c a t a l y s t  added. 
blore r e c e n t l y  Yoschida e t  al .  / 3 /  e s t a b i l i s h e d  t h a t  t h e  mechanism 
f o r  c a t a l y t i c  conversion of  Hokkcido c o a l s  i n c l u d e s  React ion 1 
and 3 .  It is worth t o  emphasize t h a t  according t o  t h e i r  exper i -  
ments k 
upon c o h  type. 
Sternberg e t  al .  /4,5/  have proposed t h a t  preas2hal tenes  a r e  t h e  
in te rmedia tes  between c o a l  and zsphal tenes .  Contrary t o  t h i s ,  
Schweger and Yen /6/ cons idered  t h a t  "preasphal tenes  may a r i s e  
from r e a c t i v e  coa l  depolymerizat ion m o i e t i e s ,  which a r e  . . . repo- 
lymerized i n t o  m a t e r i a l s  more d i f f i c u l t  t o  degrade t h a n  t h e  
o r i g i n a l  c o a l  substance".  
C o l l i n s  e t  al.  /7/ c la im t h a t  "carbon-carbon s c i s s i o n  must be 
considered as an  impor tan t  f a c t o r  i n  a s p h a l t e n e  formabionfl and i n  
preasphal tenes  format ion  8s well .  The s ta tement  has a r r i s e d  from 
t h e i r  experiments based on thermal t rea tment  /over  3OO0C/ of model 
compounds - a r y l a l k a n e s ,  diphenylzlkanes and a r y l  a l k y l  e thers .  
we have found t h a t  a s p h a l t e n e s  and preasphal tenes  a r e  t h e  compo- 
n e n t s  of coa l  e x t r a c t s .  Coals were e x t r a c t e d  a t  ambient tempera- 
t u r e  and p r e c a u t i o n s  i n  a n a l y t i c a l  procedure have been observed. 
Therefore,  t h e  components of  t h e  e x t r a c t  may be considered they  
a r e  the  components of o r i h i n a l  coal .  

i s  cons iderably  h i g h e r  o r  lower t h a n  kl and k2, depending 
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3XPERIMEITTAL 
High v o l a t i l e  A bituminous c o a l  J / v i t r i n i t e  60%, i n e r t i n i t e  33%, 
e x i n i t e  6%/ and hvab c o a l  Vi / v i t r i n i t e  45%, i n e r t i n i t e  45%, 
e x i n i t e  lo%/ have been i n v e s t i g a t e d .  Proximate and u l t i m a t e  
ana lyses  a r e  p re sen ted  /Table l/. 
EXTRA C TIOi t  
Coal samples / <1,4mm/ were e x t r a c t e d  i n  t h e  Soxhle ts  a t  ambient 
temperature f o r  150 hours. Benzene-ethanol 7:3 vv mixture  has been 
applied.  Yie lds  and ulttimate z n a l y s i s  of t h e  e x t r a c t s  o r e  g iven  
/Teble I/ .  Although t h e  y i e l d s  a r e  l o n  they  a r e  cons ide rab ly  h i g h e r  
than  benzen .ex t r ac t  o r  e t h a n o l  e x t r a c t  y i e lds .  
Temperature cur r icu lum o f  t h e  e x t r a c t e d  compounds: a f t e r  ex t r ac -  
t i o n  a t  ambient tempera ture  t h e  e x t r a c t  s o l u t i o n  has  been in f luen -  
ced by temperature below 100°C / t h e  bottom f l a s k  o f  t h e  Soxhlet  
water  bath hea ted /  f o r  18 hours  / a f t e r  each 18-hour pe r iod ,  solu- 
t i o n  has been removed and f r e s h  s o l v e n t s  poured/. The t o t a l  e x t r a c t  
s o l u t i o n  was c a r e f u l l y  f i l t r a t e d  and t h e  s o l v e n t s  were evapora ted  
from i t  i n  a r o t a r y  appa ra tus  a t  5OoC and reduced pressure .  

FRACTIONATION OF THE EXTaCTS 
hes  been c a r r i e d  o u t  accord ing  t o  t h e  scheme /Pig. I /  besed on t h e  
procedure desc r ibed  by Schweighardt e t  a1./8, 9/ f o r  a n a l y s i s  o f  
hydrogenated c o a l  l i q u i d s .  
The fo l lowing  group components have been i s o l a t e d  /Table 2/: 
preasphal tenes  i.e.,  benzene in so lub le s /py r id ine  s o l u b l e s  
asphal tenes  i.e., benzene so lubles /hexane  i n s o l u b l e s  
b a s i c  f r a c t i o n  o f  a spha l t enes  
ac id i c /neu t r a l  f r a c t i o n  of a spha l t enes  
benzene and hexane s o l u b l e s  
Temperature cur r icu lum o f  t h e  e x t r a c t e d  compounds, cont inued:  a l l  
gr0v.p components were f r e e d  from the  s o l v e n t s  i n  a r o t a r y  eppa ra tus  
c t  5OoC /except py r id ine  i n s o l u b l e s /  and reduced p r e s s u r e  t o  con- 
stant weight /except p y r i d i n e  so lub le s / .  Other a n a l y t i c a l  works 
were done a t  ambient tem_nerature. Saxples m r e  s t o r e d  i n  n i t rogen .  
Extract+benzene / l  Og: I O O m l /  were v igo rous ly  s t i r r e d  f o r  3 hours. 
Benzene i n s o l u b l e s  B I  i‘iere f i l t r a t e d ,  washed, d r i e d ,  weighed. Then 
pyri.dine was added t o  B I  and t o t a l  - s t i r r e d  f o r  1 hour. P j r i d i n e  
i n s o l u b l e s  P I  mere f i l t r a t e d ,  washed and d r i e d  above 100°C t o  cons- 
t a n t  weight. 
The conten t  of p y r i d i n e  s o l u b l e s  PS has  been determined by d i f f e -  
rence  : 
B I  - PI = preasphe l t enas ,  
3:i.xeozone f i n a l  amount of py r id ine  cannot be removed from then 
a t  50 C. 
S o l u b i l i t y  of  p reaspha l t enes  
Tie t r i e d  t o  r e d i s s o l v e  t h e  p reaspha l t enes  i n  t h e  same s o l v e n t  mix- 
t u r e  2s app l i ed  i n  c o a l  e x t r a c t i o n  /benzene:ethanol 7:3/. It has 
been s t a t e d  t h e t  p renspha l t enes  i s o l a t e d  from the  c o a l  e x t r a c t  z r e  
e a s i l y  d i s so lved  a t  a b i e n t  tempera ture  i n  t h e  mix tu re ,  a l though 
they  a r e  i n s o l u b l e  i n  benzene o r  e thanol .  Therefore ,  no i n d i c a t i o n  
of t h e i r  po lymer iza t ion  /6/ which could contrTbute t o  a formation 
of prezsphal tenes  has been found. 
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Fur ther  a n a l y t i c a l  work on t h e  s e p a r a t i o n  o f  preasphal tenes  by H C 1  
s a t u r a t i o n  of benzene/ethanol  s o l u t i o n  has  n o t  been completed ye t .  
The benzene s o l u b l e  o r t i o n  of t h e  e x t r a c t  is reduced i n  volume by 

benzene is  reached, Then BS concen t r a t e  i s  s lowly  in t roduced  by 
drops i n t o  v igo rous ly  s t i r r e d  hexane. F i l t r a t e d ,  washed and d r i e d  
p r e c i p i t a t e  y i e l d s  the content  of asphal tenes .  
The asphal tenes  a r e  d i s s o l v e d  I n  to luene ,  f i l t r a t e d ,  then  dry  H C 1  
is bubbled through the s o l u t i o n  u n t i l  no f u t h e r  p r e c i r i t a t i o n  i s  
observed. Chlor ide  p r e c i p i t a t e  is f r e e d  f r o m  H C 1  by to luene / ln  
aqueous NaOH t r ea tmen t  and a f t e r  evaporati0.n of to luene  t h e  content  
of  bas i c  p o r t i o n  of  a spha l t enes  is determined. 
Compounds which d i d  n o t  f o r m  H C 1  adducts  and remained i n  to luene  
were recovered by evapora t ion  /nonbasic p o r t i o n  of asphal tenes / .  

TLC ANALYSIS OF THE EXTRACT AND ITS SEPARATION PRODUCTS 
Table 3. Thin-Layer Chromatoarapkv cond i t ions  

n i t r o g e n  f l u s h  a t  50 8 C u n t i l  an approximate r a t i o  lg:5ml so lub le s  : 

Solvent  Develop- 
Solvent  system r a t i o  ment 

!,I C B I\? C B cyc le  
e x t r a c t  methanol chloroform -- 1 : 1 - 1/2; f u l l  
preasph, methanol chloroform benzene 1 : 1 : 1 f u l l  
bases  methanol chloroform -- 1 : 1 - f u l l  
nonbases methanol chloroform -- 1 : 1 - 1/2; f u l l  

- 

Beutra l  g e l  / type bDV-Kieselgel -El?/ on 20x20 cm p l a t e s  was used. 
F u l l  development c y c l e  was 16 cm high;  1 /2  c y c l e  i s  r e a l i z e d  as 
fo l lows;  t h e  p l a t e  is kept  i n  t h e  chamber u n t i l  so lven t  reached 
1/2 he igh t ,  removed from chamber, d r i e d  under n i t r o g e n ,  r e i n s e r t e d  
i n  chamber. 
The appl ied  s p r a y  r e a  e n t s  f o r  f u n c t i o n a l  group d e t e c t i o n  on TLC 
p l a t e s  a r e  p re sen ted  ?Table 4/. 

Table 4. Thin-Layer Sprag Reagents 
Func t iona l  group i n d i c a t i o n  Detect ion 
Ar-OH N-H r i n g  =N-ring iir-fiEi2 l i m i t  / E /  

Reagent Phenol P f r r o l  P n i d i n e  Amines 
type  t s p e  tgpe 

F a s t  Blue r ed -  brown- -- yellow- o, o1 
S a l t  B v i o l e t  v i o l e t  orange 

FeC13 dark 
3% i n  0,511 HC1 green -- blue 0 , O l  

091 
jvachmeister's . yel low- purple-  -- brown- 
Reagent v i o l e t  brown green  

E r l  i c h ' s  
Reagent 

Dragendorf f 's 
Reagent 

brown beige 095 Iodop la t ina t e  -- -- 
a / a f t e r  few hours 
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Prepa ra t ion  o f  t h e  r eagen t s  is  based on E. Merck handbook - 
"Anf2lrbereagensien f u r  DUnnschicht- und Papier-Chromatographie", 
Darmstadt, 1970. The same r e a g e n t s  were app l i ed  by us /IO/ i n  
a n a l y s i s  of  hydrogenated coa l  l i q u i d s .  
Resu l t s  of TLC a n a l y s i s  o f  t h e  coa l  e x t r a c t  a s  we l l  as i t s  sepa ra -  
t i o n  products a r e  summarized /Table 5/. 
Table 5. Resu l t s  of Spray Reagent Tes t :  

Funct iona l  Group 
Ar-OH iJ-H r i n g  =N- r i n g  Ar-NHa 
Phenol Pyr ro l  Py r id ine  Amine2 
type  type  t m e  

Ex t rac t  + + + + 
Preasphal tenes  + + + + b 

+ + Asphaltene --- --- 
bases  
Asphaltene 
a c i d i c b e u t r a l  + 

--e --- + 
~~ ~ ~~ 

q L C - S p r a y  R e a g e n t i n d i c a t i o n  o f  amine presence i s  no t  an i r r e -  

b/ ideaningless t e s t  - preaspha l t enes  a r e  contaminated by py r id ine  

The r e s u l t s  i n d i c a t e  t h a t  a spha l t enes  der ived  from t h e  coa l  e x t r a c t  
con ta in  heterocompounds vihich may be sepa ra t ed  i n t o  b a s i c  and 
a c i d i c / n e u t r a l  f r a c t i o n s .  Phenol and p y r r o l  d e r i v a t i v e s  a r e  p re sen t  
i n  the  a c i d i c  f r a c t i o n ,  py r id ine  d e r i v a t i v e s  -- i n  t h e  b a s i c  p o r t i o n  
We d i d  not  f i n d  any amphoteric subs tances  i n  t h e  b a s i c  no r  i n  t h e  
a c i d i c  f r a c t i o n .  Therefore,  t h e  analogous r e s u l t s  have beea o b t a i -  
ned i n  a n a l y s i s  o f  a spha l t enes  e x t r a c t e d  from c o a l  a t  ambient tem- 
pe ra tu re  / t h i s  paper/  and a spha l t enes  der ived  from t h e  h igh  tem- 
pe ra tu re  coa l  convers ion  products /5, 8, 9 ,  lo/. 

INFRA-RED SPZCTROiiTETRY OF THS EXTRACT AND SOMd SZPARATIOM PBODUZTS 
Spect ra  have been recorded  by C. Ze iss  saec t rophotometer  Specord 
71 I R  IvIodel /NaCl prism/. 
Spec t ra  of t h e  e x t r a c t  i n  K 3 r  p e l l e t  /curve .I/, b a s i c  f r a c t i o n  
/curve B/ and a c i d i c / n e u t r a l  f r a c t i o n  of  a spha l t enes  /curve C /  - 
both i n  2% CS s o l u t i o n s ,  0 ,6  mm f i x e d  pa th  l eng th  c e l l ,  a r e  
presented  /Fig. 2/. CS bands have been coalpensated by a p T l i c e t i o n  
o f  v a r i a b l e  pa th  c e l l  2 i n  r e fe rence  beam. 
Broad and h igh  band i n  3590-3050 cm-' range i s  a s7;rong i n d i c a t i o n  
o f  t he  presence o f  hydrogen bonded heterocoa2ounds i n  t h e  e x t r a c t .  
S p e c t r m  of  base  shows: 
i n  3570-3100 C ~ I I - ~  range - weaK, broad band which mey e r i s e  f r o m  

f u t a b l e  proof. 

dur ing  s e p a r a t i o n  procedure. 

s t r e t c h i n g  v i b r a t i o n s  of  X-H Erou;),  f r e e  or/znd hydrocen 
bonded; t e k i n e  i n t o  account TLC-sprey r eecen t  t e s t  r e s u l t s  
/ py r ro l  type  IT-H and phenol ty?e  0-3 excluded/ t h e  above 
5ana a r i s e  from zmine 7y2e IT-H oond. 



1730 cm" band i n d i c a t e s  carbonyl group o f  c y c l i c  unsa tu ra t ed  
ketones , and/or d ike tones  , and/or quinones. However, t h i s  
band is  absent  i n  t h e  e x t r a c t  spectrum. Therefore,  oxida- 
t i o n  o f  t h e  b a s i c  f r a c t i o n  inay be a reason. 

0-H and/ r i n t r a m o l e c u l a r  phenol 0-H.. . . .$ o r b i t a l  band; 

molecular 0-H bonded group; abso rp t ion  of p y r r o l  type  N-H 
s t r e b c h i n g  and/or %...OH v i b r a t i o n s  occurs  w i t h i n  t h e  
renge IS w e l l ;  

t i o n s  of' C-0-C a r j l  e t h e r s  and/or s k e l e t a l  v i b r a t i o n s  of 
fu ranes ;  t he  p r  sence  o f  f u r a n e s  is i n d i c a t e d  a s  w e l l  by 
880 end 860 cm-' duble t .  

ilowever, t h e  assignment of a l l  o t h e r  bands has been c a r r i e d  o u t ,  
i t  i s  no t  p re sen ted  h e r e ,  s i n c e  complex composition o f  t he  samples 
limits i t s  d i a g n o s t i c  va lue .  On t h e  o t h e r  hand, p a r t  o f  i t  is  
c l e a r l y  v i s i b l e  and t r i v i a l ,  f o r  i n s t e n c e  - h ighe r  conten t  of 
aroinatic and a l k y l  groups i n  a c i d i c  f r a c t i o n  than  i n  b a s i c  f r a c t i o n .  

COBCLUSIOXS 
Asphaltenes aild p reespha l t enes  a r e  t h e  components of an o r i g i n a l  
coa l .  Therefore,  some p o r t i o n s  of  t h e s e  group components i n  c o a l  
l i q u e f a c t i o n  products  a r e  n o t  t he  products  of thermal no r  c a t a l y -  
t i c  conversion. 
The r e a l  conten t  of e sphz l t enes  and p reespha l t enes  i n  an  o r i g i n a l  
c o a l  is  s t i l l  an unanswered ques t ion .  i'ie have y e t  t o  know more 
on electron-donor 2nd -acceptor  p r o p e r t i e s  of so lven t  mixtures  
a s  we l l  2s abcut s t r e n g t h  of donor-zcceptor bonds occur ing  i n  coa l  
s u b s t a n c e , i f  one i n t e n d s  t o  s e l e c t  s o l v e n t  mixture  capable of 
e x t r a c t i n g  t o t a l  amount of t hese  components from coal. 
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Spectrum of a c i d ' c / n e u t r z l  f r a c t i o n  shows: 
i n  3585-3550 cm-# range  - s h a r p  band c h a r a c t e r i s t - c  of f r e e  phenol 

i n  3495-3100 cm-? range  - broad band c h a r a c t e r i s t i c  o f  i n t e r -  

s h a r p  1030 cm'? band may e r i s e  from symmetric s t r e t c h i n g  v ib ra -  
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FIG. 4 .  EXrRACT FRACTIONATION SCHEME 
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